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Objectives

Evaluate the wind flow over a solar PV field and dust particles depositionon
the PV panelin the presenceof a solid wind barrier with aflap.

Optimize the barrier geometry to minimize dust deposition on the PV
surfaces

Summary

A numerical simulation of the airflow and dust particle transport and
deposition in the presenceof a wind barrier was performed for different
wind speeds Several barrier geometriesare studied. The barrier that
minimizes dust depositionon the PV surfacesare identified.



Geometry
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Fig.1. Schematics of the solar field with barrier. Location 8 JN (San Francisco)

- Barrier height (L4) (1,3.5 [m]) - Flap length (L5) (0.05, 0.5[m])

- Flap angle 6 )5, 175[A) - Dust particle size ™ 2u(50, 300§ m])

E

- Sand particles Densityy = 1350



=>
=
()
=
o
)
(@)
()
i
—
Y
@)
n
-
e,
7))
-
()
£
©
()
i
|_
—
Q@
@
I_

Dimensions
90

CASE 1 2.38 0.30 5.51

CASE 2 3.73 0.50 7.58 174.21
CASE 3 3.73 0.49 8.09 6.74
CASE 4 3.72 0.11 7.61 8.28
CASE 5 1.01 0.10 2.41 167.62
CASE 6 1.09 0.49 3.12 6.93
CASE 7 1.01 0.49 2.62 164.39
CASE 8 3.70 0.12 1.47 171.69
CASE 9 1.11 0.11 2.71 10.77
CASE 10 2.37 0.10 5.08 129.63
CASE 11 2.97 0.50 7.04 85.59
CASE 12 1.74 0.30 3.81 172.45
CASE 13 3.71 0.30 8.08 50.44
CASE 14 2.46 0.22 5.37 7.91
CASE 15 1.00 0.34 3.08 67.61
CASE 16 3.14 0.31 6.44 174.47
CASE 17 2.42 0.41 5.59 11.94
CASE 18 2.36 0.49 5.09 169.14
CASE 19 3.57 0.12 7.40 90.01
CASE 20 1.07 0.15 2.77 89.11
CASE 21 1.64 0.48 4.46 94.02
CASE 22 2.09 0.12 4.63 59.41
CASE 23 3.73 0.40 8.15 118.38
CASE 24 1.41 0.30 3.47 5.44
CASE 25 1.04 0.28 2.85 126.43
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Fig.2. Different configurations of the wind barrier and its flap.




Grids generation
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Fig.3. Different configurations of the
wind barrier and its flap.
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Table.2.Grid sensitivity tests.
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Governing equations

Time-averaged mass and momentum equations for the turbulent air flow field4 |




Governing equations

Lagrangian equation of dust motiong?2]
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2] Z. Zhang, Q. Chen, Atmospheric Environment, 43 (2009) &28; https://doi.org/10.1016/j.atmosenv.2008.09.041
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Boundary Conditions & Methodology

The wind velocity is 2.5 m/s or 3.86 m/s, and 5 m/s.

The outflow boundary condition was used in the outlet.

The no-slip boundary condition was employed for the walls.

The symmetry boundary condition was applied in the upper boundary.

The shear stress transport$ST) K-o turbulence model with UserDefined Function (UDF) inlet profiles
used to predict turbulent airflow around solar PV panels.

Numerical settings (AnsysFluent)

-To break up the pressure from the velocity, the Serimplicit Method for Pressure Linked Equations
(SIMPLE) is performed

- Pressure ~ Second order - Momentum ~ Second order - Turbulent Kinetic Energy ~ Second
order

- Diameter Distribution ~ RosinrRammler method

-The dust particle motions in the computational domain and deposition on the PV surface are evaluated by
the Discrete Phase Model (DPM)



| Present work: UDF code

| Exp work: Tominaga et al.
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Fig. 4(a). Comparison of the

inlet wind velocity profile.
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Validation

8
| Present work: UDF code
Exp work: Tominaga et al.
6}
J 4t
N
*
2+ §
g
©
Inlet ®
- wind T.K.E profile
0 A P R 1 . ' . N A 1 R
0 0.01 0.02 0.03 0.04 0.05 0.06
2

Fig. 4(b). Comparison the
inlet TKE profile.
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Fig. 4(c).Comparison the Mean Pressure
along the upper surface of PV panel.
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[3] Yoshihide Tominaga, Shinchi Akabayashj TakuyaKitahara, YukiArinami, Building and Environment, 84 (2015) 20213;
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Dust deposition report
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Wind velocity = 3.86 m/s
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Velocity Contours
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Fig. 6(a).Velocity contours without wind barrier-CASE 23



Close-up of

the first panel
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Fig. 6(b). Velocity contours with wind barrier-CASE 23




Turbulence Kinetic Energy Contours
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Fig. 6(c). TKE contours without wind barrier
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Fig. 6(d). TKE contours with wind barrier - CASE 23



